Abstract-In this study, variable chemical kinetic mechanism between aluminum and water vapor were selected. Major species, which were produced by reaction with aluminum and water vapor, were compared with another reference as a result total 41 chemical kinetic mechanism and 19 species were validated. Aluminum droplet size is 230 μm and analyzed as 2-D axisymmetric model. As using Fluent 13.0, governing equations and species equation were solved on surrounding aluminum droplet. The condensation/dissociation of alumina, that is the species of major aluminum oxide, were considered by including chemical kinetic mechanism.
Based on these researches, Washburn et al. [7] studied aluminum combustion over various droplet size as using detail and realistic chemical mechanism with aluminum and steam.
The research of aluminum combustion is mainly with a single droplet combustion up to date and chemical kinetic mechanism has not ensured yet because of complicated combustion process. In this study, numerical analysis of aluminum in water vapor was taken into account condensation/dissociation of alumina thorough chemical kinetic mechanism. The result of species production compared to the result of another reference. The valid and detail chemical kinetic mechanism consisted of 41 mechanism and 19 species. This mechanism will be able to be used to numerically analyze combustion process of aluminum in the propulsion system.
II. NUMERICAL MODELING

A. Governing equation
For the simulation of aluminum combustion, 2-dimensional axisymmetric domain was used and mass conservation equation, momentum conservation equation, energy equation, and species equation were solved. The mass conservation equation is
where S m is the source term coming out from the evaporation of liquid droplet.
The momentum conservation equation is
where p is the static pressure,  is the stress tensor and F is the external force term. The stress tensor term is
where  is the molecular viscosity, I is the unit tensor, and second term on right side is the effect of volume dilatation.
The energy conservation equation is
where k is the conductivity of molecular, h j is the sensible enthalpy of j species for ideal gas and S h is the source term 
where , D im is the mass diffusion coefficient for i species in the mixture.
The net rate of production R i for chemical reaction was solved through the summation of the net rate of production from Arrhenius reaction until the number of chemical reaction
In this equation, , M wi is the molecular weight of i species and ˆ, R ir is Arrhenius molar rate of creation/destruction of i species in r reaction and is same as following equation. The backward reaction constant is solved by using the equilibrium constant K r in r reaction.
, ,
B. Single droplet combustion model
The mass fraction of aluminum vapor calculated on the surface of aluminum droplet. Equation (11) 
C. Chemical kinetic mechanism
The combustion process of aluminum is very complicated so it is hard to model the simulation. That's why Al-H 2 O reactions haven't ensured yet so far researcher uses arbitrary mechanism as making the product of major species properly. As referring Washburn et al. [7] and Starik et al. [8] , kinetic mechanism has found total 41 reactions and 19 species and is shown in TABLE I. The 16 reactions mean to react with aluminum and water vapor and the 20 reactions mean to dissociate water vapor and the 5 reactions mean to condense/dissociate alumina. The condensation/dissociation process of alumina is very complicated and not easy to model so it was included in chemical kinetic mechanism to easily model the burning process. The dissociation process of alumina affects the flame temperature as a result it would be about 4,000 K. 
A. Boundary conditions
The simulation of combustion of a single droplet was modeled along Beckstead et al. [6] . The droplet size is 230 µm and implicit SIMPLER algorithm with QUICK scheme is used to solve in whole domain. In shown Fig. 1 , there are 71 nodes in the  direction and 80 nodes in the r direction. The maximum length of r direction is 60 times of droplet radius (R o ).
The atmosphere consists of 79 % Ar gas and 21 % H 2 O vapor and it assume quasi-steady state. At the left side in the domain, the flow is coming to the droplet as 0.001 m/s and temperature is 300 K. This flow simulates the motion of droplet in the rocket chamber that simply assumes the force equilibrium with gravitation and drag. And it assumes that temperature is uniform in aluminum droplet as 2,700 K and only vapor phase of aluminum comes out to normally outward.
B. Result of temperature
In shown Fig. 2 , the first contours are the reference temperature and the second contours are the present result of analysis. It is known that similarly resembles the diffusion flame. The maximum flame temperature forms in 5-7 times of droplet radius and is about 4,200 K that is the dissociation temperature of alumina so high temperature distributes near aluminum droplet. At the left side, the flow is equal to 0.001 m/s and 300 K so the region of low temperature is distributed.
The temperature distribution has little diffidence in the domain because chemical kinetic mechanism is not totally same as the reference and more species are included.
C. Result of species
In shown Fig. 3 , major species of product after reaction with aluminum and water vapor are compared to the reference. The solid line is the reference and the points are the present result of analysis. At the flame surface located at 5-7 times of droplet radius, the fuel, which is aluminum, diffuses to outward from the surface so it doesn't exist. The oxidizer, which is water vapor, diffuses to inward so it starts to exist. There is large amount of alumina that is final product from reaction with aluminum and water vapor. This flame zone may be stoichiometric that's why large amount of alumina produce. As comparing with present result and reference, it is shown almost same and known that used chemical mechanism is valid.
IV. CONCLUSION
In this study, the combustion of a single aluminum droplet was analyzed using Fluent 13.0 at 2-dimensional axisymmetric domain. The chemical kinetic mechanism over the reaction with aluminum and water vapor was researched through it compared to the reference. The new mechanism, which is detail and valid, consisted of total 41 reactions and 19 species including the process of condensation/dissociation of alumina as a result realistic combustion process of aluminum could be simulated. As using this mechanism, it could be adjusted to numerical simulation of aluminum combustion in the rocket chamber. 
